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Italian leech-shaped glass fibula bow from the Hallstatt period,
discovered in Poland

Tomasz Purowski - Olga Syta - Barbara Wagner

The article presents the results of a laboratory analysis of the glass of a leech-shaped fibula bow discovered
in a Hallstatt C grave in Gorszewice, Greater Poland. The fibula comes from Italy and is dated sometime
to the end of the 8" or the 7th century BC. Both of the inner sides with a yellowish colour and the external
side that appeared dark blue, nearly black, were examined. Like low magnesium and medium potassium glass
of glassy faience present in the Hallstatt C period, the glass of the Gorszewice fibula bow is characterized
by medium contents of K50, high Al,O; and Fe,0;, and a relatively high level of B>O;, TiO, and BaO.
The inner and outer glass of the Gorszewice fibula bow have an identical, or nearly the same chemical
composition. Higher levels of several oxides occurred in the dark glass, indicating that they must have been
introduced with the colourant. The yellowish glass was not coloured intentionally; its colour is the result
of the presence of iron compounds in the sand.

glass — glassy faience — leech-shaped fibula bow — Hallstatt period — chemical analyses — LA-ICP-MS

Ndvlek luéiku spony italské provenience z doby halStatské v Polsku. Cldnek predstavuje vysledky analyzy
sklenéného ndvleku luciku spony, objeveného v hrobé datovaném do obdobi Ha C v Gorszewicich, Velko-
polsko. Spona pochdzi z Itdlie zrejmé na sklonku 8. nebo v 7. stoleti BC. Zkoumdny byla jak vnitini vrstva
nazloutlé barvy, tak povrchovd vrstva, na pohled tmavé modrd aZ cernd. Stejné jako LMMK sklo skelné fajdn-
se, béZné v obdobi Ha C, i sklo ndvleku luciku spony z Gorszewic charakterizuje stredni koncentrace K5O,
vysokd koncentrace Al,O;z a Fe,03, a pomérné vysokd tiroveri B,O;, TiO, a BaO. Vnitini i vaéjsi skelnd vrstva
ndvleku luciku spony z Gorszewic maji témer stejné chemické sloZeni. Vyssi koncentrace nékterych oxidii
se projevuji v tmavsim skle, coZ je zpiisobeno primési barvicich sloZek. Nazloutlé sklo nebylo obarveno
zdmérné: jeho barva je zpiisobena pritomnosti sloucenin Zeleza v pisku.

sklo — skelna fajans — ndvlek lu¢iku spony — doba halstatska — chemické analyzy — LA-ICP-MS

1. Introduction

The cemetery in Gorszewice (western Poland) is attributed to the Lusatian culture and is dated
to Hallstatt C (about 750/700-600 BC) and the beginning of Hallstatt D (Pieczyriski 1953; Narozna-
Szamatek — Szamatek 2007). The graves excavated at the site featured a large number of objects im-
ported from Italy and the eastern Alpine regions. A richly furnished grave (LV) from the Hallstatt C
period yielded, among other items, a bronze fibula with a glass leech-shaped bow (Fig. I).

Fibulae of this kind, Glasbiigelfibeln in German (e.g. Haevernick 1959; Koch 2010; sometimes
reffered to as brooch slider or brooch decoration in English), vary in terms of their shape, decoration
and production technique. According to L. C. Koch (2010, 276), the Gorszewice fibula is a 1dA form
in her classification, although by size it should actually be a 1cA form. Jewellery of this type was
common in the Apennine Peninsula, mainly in the vicinity of Bologna and in Verucchio, around the
end of the 8t and in the 7th century BC (Koch 2011, 103). The Gorszewice brooch is the only 1cA or
1dA fibula found outside Italy (Fig. 2). It must have come to Poland either from Bologna or from its
close vicinity (Koch 2010, 194).

A few of the 200 known Glasbiigelfibeln have had the chemical composition of the glass analyzed.
C. Braun (1983, Tab. 20) examined a leech-shaped fibula bow of unknown provenance dated to
Hallstatt D, and A.C. Towle examined four leech-shaped fibula bows from 800-600 BC, discovered
in Italy (however, fully quantitative results were obtained for only five analyses of samples taken
from three artefacts, Towle 2002, 315; Towle — Henderson 2007, 50 ff.). The glass of the Gorszewice
bow was analyzed once before, a quarter of a century ago (Frdna — Mastalka 1990, Tab. 2 and 3),
but because of the imprecise determination of levels of potassium oxide among others (the K,O con-
tent was marked as “<2.5%”), this analysis was not fully successful. Glass chemical composition
analyses were carried out (but not published) for two leech-shaped fibula bows from the cemetery
of Magdalenska Gora in Slovenia (Towle — Henderson 2007, 57).
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Fig. 1. Brooch slider from Gorszewice, Greater Poland.
Obr. 1. Navlek luciku spony z Gorszewic, Velkopolsko.

Glasbiigelfibeln representing the form discovered in Poland are generally well-known in terms of
provenance (Italy, most likely the vicinity of Bologna) and chronology (end of 8th—7th century BC).
An examination of the fibula bow from Gorszewice is of considerable significance for indicating the
place of production and dating of other objects found in central Europe and made of a similar kind of
glass. The aims of this paper are thus: (i) to characterize the glass chemical composition of the fibula
bow from Gorszewice; (ii) to point out similarities and differences in the chemical composition of the
inner and outer glass layers; (iii) to compare the results with the outcome of analyses of leech-shaped
fibula bows discovered in Italy; (iv) to make a comparison with the results of analyses of artefacts
(beads, heads of pins) made of glassy material dating from the Hallstatt C-D discovered in Poland.

2. Experimental
2.1. Samples

The matrix of the fibula bow from Gorszewice was comprised of two layers of glass: the inner
(sample no. 23a/1), which was weakly translucent and yellowish, and the outer (sample no. 23a/2)
not translucent, and dark blue, nearly black (black is the impression to the naked eye, while dark blue
is visible under a microscope). The decoration was composed of 24 threads of opaque yellow glass
applied to the matrix (at a right angle to the channel axis), subsequently scratched with a burin 12 times
in alternating directions, to one side and then to the other (parallel to the channel), forming in effect
a herringbone pattern in relief on the body (Purowski 2012, 82, 104, Fig. 30).

2.2. Analytical techniques

An ELAN 9000 (Perkin Elmer SCIEX, Canada) inductively coupled plasma mass spectrometer
equipped with a laser ablation system LSX-213 (CETAC, USA) was used to obtain information about
the elemental composition of the glass fibula bow. The laser ablation system combines a stable,
environmentally sealed 213 nm UV laser (Nd-YAG, solid state) with a high sampling efficiency,
variable 1 to 20 Hz pulse repetition rate and maximum energy up to 5 mJ/pulse. The experiment was
performed using Ar as the carrier gas. The samples were placed inside the ablation cell with the Stan-
dard Reference Material NIST SRM 610 (http://www.nist.gov/). Three replicate single point ablations
(¢=100 micrometers; 4.5 mJ of energy and repetition rate equal to 10 Hz) were carried out on each
sample to register signal intensities for the selected isotopes with a 10 ms dwell time.

The fibula was too large to fit into the commercially available closed ablation cell, therefore a home-
made open cell (Wagner et al. 2011) with an effective volume of 4.5 cm? was used within this work.
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Fig. 2. Localization of sites (marked with an
asterisk) with finds of brooch slider of types
1cAand 1dA according to L. C. Koch’s (2010)
classification.

Obr. 2. Poloha lokalit (oznacené hvézdickou)
s nélezy navlekd lu¢iku spon typu 1cAa 1dA
podle klasifikace L. C. Koch (2010).

Danube

It was important to seal the ablation cell while mounted to the fibula for the entire measurement period.
The fibula is characterized by an uneven rough surface, which cannot be damaged during the inves-
tigations. To protect the sample-cell configuration from unfavourable possible air leaks between the
sample and cell, the fibula was wrapped tightly with elastic PARAFILM (Pechiney Plastic Packaging),
and the open cell was attached directly to its surface prior to the measurements.

During the measurements, 39 major, minor and trace elements were determined in the inner and
outer glass of the fibula bow (Tab. I), with three replicate single point ablations taken from the glass
surface. The NIST SRM 610 calibration material was measured twice at the beginning and twice at
the end of each run to correct the instrumental drift using the algorithm proposed by Longerich et al.
(1996). Signal intensities were recorded for the following isotopes: 7Li, 1B, 23Na, 26Mg, 27Al, 2951,
31P, 39K, 43Ca, 45Sc, 49Ti, 51V, S3Cr, 55Mn, 57Fe, 59Co, 6!Ni, 65Cu, 66Zn, 75As, 85Rb, 83Sr, 89Y, %9Zr, 95Mo,
19Ag, 111Cd, 1188, 1218, 133Cs, 137Ba, 139La, 140Ce, 178Hf, 182W, 208Pb, 209Bj, 232Th and 238U. Transient
signals were saved and the background corrected and integrated using the LAMTRACE program
created by Jackson (2008). The results were recalculated to the content of the oxides with NIST 610
as the external standard and 2Si as the internal standard. Sum normalization to 100 wt% was applied
based on the corresponding oxide concentrations.

The accuracy of the measurements was established by comparing the results for archaeological
reference glass Corning B examined as an unknown sample to the values recommended for this glass
in the literature (Wagner et al. 2012) and which are given in Zab. 2.

3. Results and Discussion
3.1. Types of glassy materials known from Poland

Glassy materials from the Early Iron Age in Poland can be subdivided into glassy faience and true
glass (Purowski et al. 2014). The physical structure, meaning the quantitative proportions between
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Site and sample no. Colour of glass Si0; | Na:O | KO | CaO | MgO | AkOs | Fe:Os | MnO | SbeOs | PbO | CoO | CuO | BaO | TiO; | SnO; | NiO | ZnO | As:0s | P20s | BiOs
Gorszewice 23a/1 yellowish 7091 | 1451 | 1.888 | 1.831 | 0.970 | 5.805 | 1.807 | 0.234 | 0.001 | 0.020 | 0.001 | 0.082 | 0.044 | 0.373 | 0.003 | <0.005| 0.010 | 0.003 | 0.146 | 1.043
RSD 42 | 124 72 3.3 4 144 | 104 11, 193] 416 | 132 | 215 9 8. 47. 3 6.7 249 9.0
Gorszewice 23a/2_| dark blue, nearly black | 63.23 | 16.55 | 1.314 | 1.832 | 0.945 | 5956 [ 2.771 | 0.254 | 0.766 | 1.263 | 0.883 | 0.623 [ 0.042 | 0.376 | 0.048 | 1.623| 0.048 | 0.077 | 0.126 | 1.202
RSD 55 50 40 | 122 8. 153 9. 11, 59| 227 | 284 | 228 6. 13. 8. 342| 24 129 96| 131
Site and sample no. Colour of glass Cs0 | Sc0s | Va0s | RbeO | SO | Yo0s | 2O, | MoOz | AgeO | LaOs | CdO | CexOs | HfO» | BiOs | WOs | ThO, | UG, | LkO | CrOs
Gorszewice 23a/1 yellowish 0.0002 | 0.0009 | 0.0065 | 0.0061 | 0.0140 | 0.0021 | 0.0191 | 0.0003 | 0.0003 | 0.0021 |<0.0006 | 0.0038 | 0.0005 |<0.0001 0.0001 | 0.0006 | 0.0003 | 0.0243 | 0.0046
RSD 16.3 6.0 138 210 9.0 110 146 127 6.9 86 119 132 220 5.7 96| 109 171
Gorszewice 23a/2 | dark blue, nearly black | 0.0001 | 0.0009 | 0.0066 | 0.0041 | 0.0157 | 0.0020 | 0.0200 |<0.0008 | 0.0009 | 0.0021 {<0.0023 | 0.0039 | 0.0005 | 0.0003 | 0.0002 | 0.0006 | 0.0004 | 0.0151 | 0.0042
RSD 210] 230 16.4 153] 164 189 183 527 175 158 16.0 98] 256| 178 138 221 277

Table 1. Chemical composition of the glass of a brooch slider from Gorszewice (oxides wt%) obtained with
LA-ICP-MS.
Tab. 1. Chemické sloZeni skla navleku luciku spony z Gorszewice (Gdaje v hm.%) ziskané metodou LA-ICP-MS.

glass and unreacted crystalline grains (most often quartz) or newly formed grains and crystals, is the
classification criterion (cf. Santropadre — Verita 2000; Angelini et al. 2004). Based on potassium and
magnesium oxides levels, the chemical composition of glassy faience can be divided into LMMK
(low magnesium and medium potassium glass) and LMGgp: (low magnesium glass of glassy faience),
whereas true glass is represented by HMG (high magnesium glass) and LMG (low magnesium glass;
Purowski 2012; 2013; Purowski et al. 2012; 2014).

3.2. Chemical composition of the glass from Gorszewice

The inner glass (sample no. 23a/1) and the outer glass (sample no. 23a/2) of the Gorszewice leech-
shaped fibula bow contain similar or identical amounts of Na,O, K,0, CaO, MgO and Al,O; (7ab. I).
The K,O content is average, MgO and CaO rather low, Al,0; high; B,0;, TiO, and BaO relatively high.
The similar properties of the glass among glassy materials from the Early Iron Age in Poland have been
noted for LMMK glass! (Figs. 3-5). Similar quantities of the said compounds were also recorded
for some glass leech-shaped fibula bows from Italy, especially samples 177, 178 and 373 (marked in
Figs. 3—4) examined by A.C. Towle. However, the glass from Italy is distinguished by a higher CaO con-
tent (>2.7 %); the B,0O; content was not significant (Towle 2002, 315; Towle — Henderson 2007, Tab. 5).

The glass from Gorszewice was made of a two-component batch (sand and soda source). It cannot
be ruled out that the glass from Italy with a higher CaO content received a third component, that is,
a lime-bearing raw material (possibly sand with a higher content of calcium compounds).

The sand was also a source of other components besides silica, that is, compounds of aluminium,
iron (the dark glass also contained another source of Fe,Os; see below), titanium, barium and boron,
which usually occurred in a higher concentration in LMMK glass compared to HMG, LMG and
LMGgp glass (Purowski et al. 2014, 297). The high amount of aluminium compounds suggests the use
of granitic sands, which are very rich in a feldspathic component (Arletti et al. 2010, 710). Relatively
large amounts of barium compounds presumably entered the glass with the feldspathic component
in sand (cf. Silvestri 2008, 1498; Panighello et al. 2012, 2950).

In the two glasses forming the fibula bow from Gorszewice, ZrO, is well correlated with Al,Os,
TiO,, B,0; and SrO (Fig. 6). The strontium content in ancient glass is dependent on whether the sand
used in production was inland or coastal. In the first case, with calcium carbonate derived from lime-
stone, there is less SrO (<0.02%) and more ZrO, (>0.015%); in the second (if Mediterranean coastal
sand is used) ZrO, (<0.01%) is typically low and SrO (>0.03%) high due to the aragonite in shells

1 Most of the objects examined represent beads of various sizes (Purowski et al. 2014, Fig. 2). They are mostly
blue in colour, either plain or decorated with a decoration of yellow glass forming a straight or wavy line, dots,
circles or ‘eyes’. Objects decorated in this way can be found in western and southern Poland in contexts dated to
Hallstatt C — beginning of Hallstatt D (Purowski 2012). Two heads of bronze pins from the site at Domastaw were
also studied (Purowski 2013, Fig. 1m, 20). They are blue in colour, decorated with straight threads and dots of yellow
glass. Presumably, the examined objects made of glassy faience excavated from archaeological sites in Poland were
produced in the 8t—7th century BC in the territory of Italy and the Slovenian—Croatian region.
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Table 2. Major, minor and trace element oxide Content | RSD Ref. RSD
L o : )

composition (wt@) of'Corplng B with RSD Li0; 0.002 254 0.003 16

values (%) determined in this work compared

with the values indicated by Wagner et al. B203 0.036 20.7 0.036 64

(2012). Na,O | 16.3 1.4 16.5 0.5
Tab. 2. Koncentrace oxidG hlavnich, vedlejsich MgO 0.911 0.3 0.789 1.7
a stopovych prvkG (v hm.%) z Corning B ALO; 4.03 0.6 4.63 13

a hodnoty RSD (%) v této praci ve srovnani

s hodnotami udavanymi Wagner et al. (2012). 810, 63.23 05 | 6202 0.3
P,05 0.709 14 0.633 1.2
K;O 1.07 5.1 1.30 1.4
CaO 8.77 0.4 8.75 1.4

TiO, 0106 | 46 | 0099 | 19
V,05 | 0.035 17 | 0034 ] 12
Cr,03 | 0.008 | 185 0.010 | 3.1

MnO 0.229 0.4 0.241 1.2
Fe;03 0.303 3.0 0.311 1.5
NiO 0.086 11.9 0.094 1.1
CuO 2.59 0.6 2.82 1.7

ZnO 0.304 10 | 0211 ] 17
Rb,O | 0.001 37 | 0001 | 23
Sro 0.018 19 | 0028 23
ZrO, | 0.025 25 | 0023 ] 27
SnO, | 0.027 04 | 0024 09
Sbh,0s | 0367 | 02 | 0418 | 18
BaO 0.077 16 | 0077 ] 25
PhO 0.571 2.1 0532 | 25
Bi,0; | 0.005 | 47 | 0004 | 24

that are part of beach sand (e.g., Freestone et al. 2003; Silvestri 2008; Panighello et al. 2012 and
references therein). Relatively high ZrO, (0.019% and 0.02%) and low SrO (0.014% and 0.016%)
in the Gorszewice glass indicates the use of inland sand in production. A similar situation was observed
for most LMMK glass from Poland, whereas HMG from Hallstatt C from the Swibie site produced
entirely different results (ongoing study).

Average amounts of K,O and low MgO in the fibula bow glass make it difficult to indicate the kinds
of soda (whether natron or plant ash) used as a fluxing agent in the glass batch. Towle — Henderson
(2007, 57) determined the glass from Italy to be low magnesia (natron) soda-lime-silica glass. In our
opinion, it is more likely that they were melted using plant ash (Purowski et al. 2014, 297).

3.3. Colourants of the glass from Gorszewice

The inner (yellowish) glass and the outer (dark blue going into black) glass of the Gorszewice
fibula bow differ in their content of CoO, NiO, CuO, Fe,0;, PbO and Sb,0O5 (Fig. 7), and to a lesser
degree also SnO,, ZnO and As,Os. Higher levels of these oxides occur in the black glass, showing that
they were introduced into the glass with the colourant. The yellowish glass was not coloured intention-
ally, hence its colouring is due to the presence of iron compounds in the sand used for its production.

The presence of cobalt oxide in sample no. 23a/1 indicates the intent to give the glass a blue colour.
Even a small amount of CoO (> 0.005%) turns the glass blue (Bachtadze et al. 2002, Tab. 3), whereas
the glass from Gorszewice contains a seldom seen amount of 0.88% CoO (for examples of such high
content, see Purowski 2013, 58; Purowski et al. 2014, Fig. 16). This excessive amount may have been
the reason the glass is nearly black (Santropadre — Verita 2000, 39; Towle 2002, 108).
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Fig. 3. MgO versus K,O in the analyzed samples of glass from the brooch slider from Gorszewice (LA-ICP-MS)
compared to that of brooch slider from Italy and from other Early Iron Age glasses from Poland. Italy after
Towle (2002), LMMK and LMGg; after Purowski et al. (2014), LMG after Purowski et al. (2012; 2014),
HMG after Purowski et al. (2012).

Obr. 3. Vztah mezi obsahy MgO a K,0O v analyzovanych vzorcich skla z navleku luciku spony z Gorszewic
(LA-ICP-MS) ve srovnani se sklem néavlekd luciku spon z Italie a dalsimi vzorky skla casné doby Zelezné
z Polska. Itélie podle Towle (2002), LMMK a LMGg; podle Purowski et al. (2014), LMG podle Purowski et al.
(2012; 2014), HMG podle Purowski et al. (2012).
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Fig. 4. Al,O5 versus BaO in the analyzed samples of glass from the brooch slider from Gorszewice (LA-ICP-MS)
compared to that of brooch slider from Italy and from other Early Iron Age glasses from Poland. Italy after
Towle (2002), LMMK and LMGg; after Purowski et al. (2014), LMG after Purowski et al. (2012; 2014),
HMG after Purowski et al. (2012).

Obr. 4. Vztah mezi obsahy Al,05 a BaO v analyzovanych vzorcich skla névleku luciku spony z Gorszewic
(LA-ICP-MS) ve srovnani se sklem néavlekd lu¢iku spon z Italie a dal3imi vzorky skla ¢asné doby Zelezné
z Polska. Itélie podle Towle (2002), LMMK a LMGg; podle Purowski et al. (2014), LMG podle Purowski et al.
(2012; 2014), HMG podle Purowski et al. (2012).

Alum, used commonly for colouring glasses during the New Kingdom in Egypt, was certainly not
the colourant in the case of the Gorszewice fibula bow. In the Egyptian glass, the presence of cobalt
is correlated strongly with higher levels of other elements, mainly oxides of aluminium, magnesium,
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Fig. 5. TiO, versus B,Os in the analyzed samples of glass from the brooch slider from Gorszewice (LA-ICP-MS)
compared to other Early Iron Age glasses from Poland. LMMK, LMGgr and LMG after Purowski et al. (2014),
HMG after unpublished LA-ICP-MS analysis.

Obr. 5. Vztah mezi obsahy TiO, a B,O3 v analyzovanych vzorcich skla navleku luc¢iku spony z Gorszewic
(LA-ICP-MS) ve srovnani s dalSimi vzorky skla ¢asné doby Zelezné z Polska. LMMK a LMGgf a LMG podle
Purowski et al. (2014), HMG podle nepublikované LA-ICP-MS analyzy.
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Fig. 6. SrO versus ZrO, in the analyzed samples of glass from the brooch slider from Gorszewice (LA-ICP-MS)
compared to other Early Iron Age glasses from Poland. LMMK, LMGg and LMG after Purowski et al. (2014),
HMG after unpublished LA-ICP-MS analysis.

Obr. 6. Vztah mezi obsahy SrO a ZrO, v analyzovanych vzorcich skla navleku luciku spony z Gorszewic
(LA-ICP-MS) ve srovnani s dalsimi vzorky skla ¢asné doby Zelezné z Polska. LMMK a LMGg; a LMG podle
Purowski et al. (2014), HMG podle nepublikované LA-ICP-MS analyzy.

manganese, nickel and zinc (Shortland — Tite 2000, 145). Sample no. 23a/2 (coloured) demonstrates
practically the same amounts of Al,O;, MgO and MnO as sample no. 23a/1 (not coloured).

In the glass of sample no. 23a/2, the higher content of cobalt oxide is correlated with a high level
of nickel oxide (1.62%). Similar correlations were observed with regard to some glass from Europe dated
to the Bronze Age or the Hallstatt period (e.g. Frdna — Mastalka 1990, 62; Purowski et al. 2014, 302).
Other contents of Co and Ni are encountered in most Egyptian and Mesopotamian glass (see, e.g.,
Varberg et al. 2015, Fig. 3). The glass from Gorszewice was presumably coloured with minerals
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commonly found in the territory of modern Germany, Austria, Switzerland, the Czech Republic and
Slovakia (Henderson 1985, 280). The use of cobalt minerals may be responsible for introducing com-
pounds of, among others, iron, nickel, arsenic, copper, sulphur, manganese, but also lead, antimony
and zinc into the glass (Santropadre — Verita 2000, 39; Koch 2011, 25).

4. Conclusion

The processes applied to make the fibula bow from Gorszewice can be distinguished based on
the elemental information collected during this work: (i) glassy faience was first produced using raw
materials that introduced into glass of the LMMK-type high levels of silica, aluminium and iron
compounds along with relatively high levels of titanium, barium and boron with the sand; while the
fluxing agent was a source of an even higher content of sodium, medium potassium and insignificant
magnesium compound; (ii) the body of the fibula bow was made of a larger uncoloured part of this
mass, which was coloured only in part; (iii) the thick inner layer of glass was covered with the other
thin layer of glassy material coloured with cobalt compounds, although this could not be distinguished
visually in the finished leech-shaped fibula bow; (iv) finally, the decoration was cut into the surface
of the outer glass.

As demonstrated by the research, the two layers of the fibula bow were made concurrently in the
same workshop, not in different areas using different raw materials for the inner and outer layers.
The double layer of the fibula bow indicates a sparing approach to the colourant, which was added
frugally to small parts of the glassy material. However, the colouring process was apparently beyond
the control of the artisans, because excess use of cobalt compounds discoloured the glass to a very dark
blue, nearly black shade.

The examination of the fibula bow made of two layers of glassy faience (coloured and uncoloured)
produced a list of compounds introduced into the glass with the colourant (including CoO, NiO, CuO,
Fe, 03, PbO, Sb,05, SnO,, ZnO and As,0s). Such a determination cannot usually be performed for
monochrome beads.

The Gorszewice fibula was made at the end of the 8t or in the 7th century BC, probably in Italy.
Per analogiam, other glassy faience artefacts from Poland (especially those featuring a chemical com-
position resembling that of the fibula bow from Gorszewice) may also be taken as being manufactured
in Italy (or the immediately neighbouring regions of modern-day Slovenia and Croatia).

The authors thank Prof. Marzena Szmyt and Tomasz Skorupka from the Archaeological Museum in Poznari
for making finds from their excavations available for laboratory analyses.

The glass chemical composition analyses were performed within the framework of Research Grant
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Navlek luc¢iku spony italské provenience z doby halstatské v Polsku

Clanek piedstavuje vysledky laboratorni analyzy skla sklenéného navleku lu¢iku spony objeveného
v hrobé datovaném do obdobi Ha C (ca 750/700-600 BC) v Gorszewicich, ca 25 km severozdpadné
od Poznané (Velkopolsko). Zkoumana byla jak vnitini vrstva nazloutlé barvy, tak povrchova vrstva,
na pohled tmavé modra az cernd. Hlavnim cilem studia bylo: (i) urcit chemické sloZeni skla navleku
Iuciku spony z Gorzsewice; (ii) zjistit rozdily v chemickém sloZeni vnitini a vnéjsi skelné vrstvy;
(iii) srovnat vysledky se zavéry zkoumdani skla navlekt lu¢iku spon objevenych v Itélii; (iv) kompa-
rativni studie skelného materidlu v pfedmétech z obdobi Ha C-D objevenych v Polsku.

Stejné jako LMMK sklo (vyznacujici se nizkou koncentraci hoic¢iku a stfedni koncentraci drasliku)
skelné fajanse, béZzné v obdobi Ha C, i sklo navleku lu¢iku spony z Gorszewic charakterizuje stfedni
koncentrace K,O, vysoka koncentrace Al,O; a Fe,05, a pomérné vysoka uroven B,0;, TiO, a BaO.
Vnitfni i vnéjsi skelnd vrstva navleku luciku spony z Gorszewic maji téméf stejny nebo totoZny obsah
nésledujicich sloZek: Na,O, K,0O, CaO, MgO and Al,O;, ale 1i§i se mj. koncentracemi CoO, NiO,
CuO, Fe,0;, PbO a Sb,0s. Vyssi koncentrace nékterych oxida se projevuji v tmavsim skle, coz je
zpusobeno piimési barvicich slozek. Nazloutlé sklo nebylo obarveno zdmérné: jeho barva je zptiso-
bena pfitomnosti sloucenin Zeleza v pisku.

Spona byla vyrobena v Itélii, nejspiSe v regionu Boloné, zfejmé na sklonku 8. nebo v 7. stoleti BC.
Chemické sloZeni skla navleku lu¢iku spony z Gorszewic vykazuje znacnou podobnost se sklem néko-
lika navleku luc¢iku spon z Itdlie z 8.—7. stoleti BC a sklem koralki a hlavic jehel zndmych v kontex-
tech datovanych do obdobi Ha C v Polsku. Pfedméty z LMMK skla zndmé ve stiedni Evropé byly
s nejvetsi pravdépodobnosti vyrobeny v Itélii a/nebo v oblasti dneSniho Slovinska a Chorvatska.
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